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MULTILAYER CIRCUIT CARRIER, PANEL,
ELECTRONIC DEVICE, AND METHOD FOR
PRODUCING A MULTILAYER CIRCUIT
CARRIER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of PCT/DEQ3/02575,
filed Jul. 31, 2003, and titled “Multilayer Circuit Carrier and
Production Thereot,” which claims priority under 35 U.S.C.
§119 to German Application No. DE 102 35 332 .8, filed on
Aug. 1, 2002, and titled “Multilayer Circuit Carrier and
Production Thereol,” the entire contents of which are hereby
incorporated by reference.

FIELD OF THE INVENTION

The invention relates to a multilayer circuit carrier and a
method of producing the same.

BACKGROUND

As the mimaturization and complexity of integrated cir-
cuits on semiconductor chips increase, the number and the
packing density of microscopically small contact areas and/
or microscopically small flip-chip contacts on the active top
sides of the semiconductor chips increase. In order to
arrange the multiplicity of microscopically small contact
areas on a semiconductor chip, the pitch for the arrangement
of such contact areas and/or flip-chip contacts of a semi-
conductor chip also have microscopically small chip sizes.
In this context, microscopically small 1s understood to mean
dimensions which can only be discerned and measured
under a light microscope. In order to connect these micro-
scopically small contact areas and/or flip-chip contacts to
macroscopically large external contacts, of flat conductor
frames, whose flat conductors provide microscopically small
contact pads in the iterior of a plastic or ceramic housing
and undergo transition to macroscopically large external flat
conductors toward the outside, are used. In this context,
macroscopically large 1s understood to mean dimensions
which can be discerned and measured with the naked eve.

This concept based on flat conductors has the disadvan-
tage that only the outer edges of a circuit carrier can be used
for fitting the external flat conductors, while the relatively
large underside of the circuit carrier of an electronic device
1s not used for the arrangement of external contact areas.
This 1s achieved only by flat-conductor-ifree technology with
the aid of a rewiring body. In this case, a transition from the
microscopically small pitch of the contact areas of a semi-
conductor chip to the macroscopic pitch of the external
contact areas of an electronic device 1s possible by rewiring
lines on an isulation plate. Such rewiring bodies 1nclude
rewiring plates or rewiring sheets, which have a costly
complex construction and increase the density of the rewir-
ing lines and the density of the macroscopic external contact
areas as the contact area density of the semiconductor chip
increases. This means that the complexity of rewiring bodies
increases 1n interaction with through contacts through the
insulation plate of the rewiring body, so that costs rise and
the probability of failure upon assembly of electronic
devices on such rewiring bodies increases.

A circuit carrier with lower production costs for electronic
devices and improved reliability 1s desirable.
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2
SUMMARY

A multilayer circuit carrier has at least one semiconductor
chip and/or at least one discrete component. Also, the
multilayer circuit carrier has at least one rewiring layer, an
insulation layer, and an anchoring layer. The rewiring layer
has a rewiring structure, which has contact pads that are
clectrically connected to the microscopically small contact
pads of the semiconductor chips. The rewiring structure has
rewiring lines that have conductor tracks 1n the submicron
range. Such rewiring structures have transition contacts to
passage structures. The insulation layer has passage struc-
tures. The passage structures encompass through contacts
and form continuous conductor tracks and/or continuous
metal plates. According to the invention, the anchoring layer
1s arranged between the rewiring layer and the insulation
layer and has anchor regions or metallic anchor laminae,
which fix the position of the passage structures in the
multilayer circuit carrier. Finally, an external contact layer 1s
situated on the underside of the multilayer circuit carrier, and
has external contact areas that are electrically connected to
the rewiring structure via the passage structures and the
anchor laminae. The external contact areas are arranged 1n a
predetermined pitch on the underside of the circuit carrier. In
this case, the anchor regions and the passage structures are
produced 1n one piece.

Continuous conductor tracks differ from through contacts
by extending over the full height of an 1nsulation layer. The
position of continuous conductor tracks 1s secured by anchor
laminae 1 the multilayer circuit carrier. Continuous metal
plates differ from metal structures by extending over the full
height of an 1nsulation layer and securing their position in a
multilayer circuit carrier by anchor laminae.

The multilayer circuit carrier has external contact areas at
a predetermined pitch, which renders external flat conduc-
tors, which are arranged only at the edges of an electronic
device, dispensable.

Moreover, in the multilayer circuit carrier, each element
of the passage structures 1s secured by anchor laminae.
Finally, the multilayer circuit carrier can be formed 1in
large-area fashion and, 1n a plurality of device positions,
have at least one semiconductor chip and/or at least one
discrete component. Such device positions may be arranged
as an individual row one behind the other or in rows and
columns on the multilayer circuit carrier. Such measures
make 1t possible to reduce the costs for producing electronic
devices or electronic modules.

The sulation layer with a passage structure forms a
substrate layer, which has through contacts in a predeter-
mined pitch corresponding to the pitch of the external
contact areas. In order to fix the through contacts of a
substrate layer in a multilayer circuit carrier, each through
contact has an anchor lamina with an area larger than the
cross section of the through contacts.

The rewiring structure has electrically conductively filled
plastic. In the case of such plastics, the filling includes metal
particles, such as silver particles. The circuit carrier can be
added to by additional rewiring layers with rewiring struc-
tures made of electrically conductively filled plastic. In this
case, through contacts that have electrically conductively
filled plastic can be arranged in intermediate layers made of
insulation matenial. This results 1n an overall construction
for a multilayer circuit carrier which, apart from the sub-
strate layer with 1ts metallic through contacts, has exclu-
sively filled plastics.

Alternatively, rather than producing the rewiring structure
in the rewiring layer from electrically conductively filled
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plastic, the rewiring layer can be formed from a further
insulation layer. That 1s, the structures that characterize a
rewiring layer can also be present as passage structures, have
either continuous conductor tracks and/or continuous metal
plates, instead of or 1n addition to the through contacts, and
replace the rewiring layers. During production of the mul-
tilayer circuit carrier, one method variant for producing the
circuit carrier layers 1s used. Consequently, the multilayer
circuit carrier only has msulation layers with passage struc-
tures, which are stacked one above the other. The anchoring,
layer with its anchor laminae on surface regions of each
passage structure ensures that circuit bridges and circuit
crossovers can be realized in the multilayer circuit carrier
and a defined distance between the individual insulation
layers with rewiring structures remains ensured.

Alternatively, the circuit carrier has two nsulation layers
with passage structures. The anchor layers of the msulation
layers are arranged with their anchor laminae one on top of
the other. This structure of a pair wise arrangement of the
insulation layers with passage structures on the one hand
doubles the distance between the passage structures of the
respective layer since two anchor laminae are arranged one
on top of the other. Moreover, this pair wise arrangement of
two insulation layers with passage structures facilitates the
embedding of the passage structures 1 a plastic housing
composition, since the distance to be filled between the
passage structures 1s enlarged.

In the case of such pair wise arrangement ol 1nsulation
layers with anchor laminae, one of the anchor lamina has an
eutectic solder, while the other anchor lamina has another
cutectic solder, so that a low connecting or joining tempera-
ture can be achieved when joining the anchor laminae one on
top of the other. For such eutectic solders, one of the anchor
laminae of the pair can have gold or a gold alloy and the
other of the anchor laminae of the pair can have tin or a tin
alloy. Thus, a connection of a gold-tin eutectic can be
formed at a low solder temperature. Similarly, one of the two
jo1mng partners can have anchor laminae with a gold coating,
and the other of the joining partners can have anchor laminae
with an aluminum coating.

One of the msulation layers of a multilayer circuit carrier
can have a cutout as a hollow housing. The cutout receives
at least one semiconductor chip and/or a discrete compo-
nent. This insulation layer, which 1s formed with a hollow
housing, can form the topmost layer of the multilayer circuit
carrier and at the same time terminate the circuit carrier with
inclusion of the at least one semiconductor chip and/or the
at least one discrete component in 1ts cutout.

In such an embodiment of the invention, the insulation
layer with passage structures can be used 1n three places, for
example, 1 the bottommost layer of the layer sequence as
substrate layer with through contacts and anchor laminae 1n
an anchoring layer on the isulation layer. An insulation
layer with passage structures has continuous conductor
tracks and/or continuous metal plates besides through con-
tacts, which carries at least one semiconductor chip and/or
at least one discrete component. An insulation layer formed
as a hollow housing with the at least one semiconductor chip
and/or the at least one discrete component arranged in the
cutouts 1s arranged as the termination of the multilayer
circuit carrier.

Such multilayer circuit carriers with buried semiconduc-
tor chips and/or buried discrete components form a compact
device housing i1n each device position of the multilayer
circuit carrier which has an relatively small device thickness
and has a predetermined arrangement of external contact
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arcas which are connected to semiconductor chips and/or
discrete components within the electronic device or within
the multilayer switch plate.

By constructing one of the insulation layers of a multi-
layer circuit carrier from transparent plastic, the transparent
plastic can form a hollow housing and provide 1image and/or
radiation detection. The hollow housing of transparent plas-
tic, which 1s provided as a layer of a multilayer circuit
carrier, allows electromagnetic waves to reach the surface of
the semiconductor chip and/or the discrete component in an
unattenuated fashion. The multilayer circuit carrier with
semiconductor chip can thus form a light and/or UV and/or
IR detector. Moreover, the transparent plastic can be formed
above the semiconductor chip or above the discrete compo-
nent, such as a photoresistor, as detector lens, thereby
amplifving the detector efliciency.

One of the msulation layers of a multilayer circuit carrier
can have a continuous metal plate. The metal plate 1s formed
as a shielding plate. The opposite eflect of shielding a
semiconductor chip and/or discrete component from elec-
tromagnetic waves 1s possible. Besides a detector lens or a
shielding plate, this insulation layer formed as housing can
have through contacts 1 order to ensure an electrical con-
nection from the underside of the circuit carrier populated
with external contact areas to the top side of the circuit
carrier. A continuous metal plate as a chip 1sland can receive
a semiconductor chip on one of its sides. The lowest
potential of an electronic circuit can be routed to the chip
island on the other side of the metal plate. If such a
continuous metal plate 1s used as a chip island, then the
contact areas of the active top side of the semiconductor chip
may be connected to the rewiring structure via bonding
connections. The rewiring structure can have continuous
contact pads 1n addition to continuous conductor tracks. The
bonding wires of the bonding connection can be electrically
connected to contact pads.

Another possibility for preparing a semiconductor chip
with contact areas for the multilayer circuit carrier includes
providing tlip-chip contacts on the contact areas of the
semiconductor chip. The thp-chip contacts can be provided
as a real contact structures or contact balls or contact bumps
for tlip-chip contacts. For connecting semiconductor chips
which are prepared for a tlip-chip connecting technique,
continuous contact pads are provided besides continuous
conductor tracks. The semiconductor chip are applied using
tlip-chip technology to the contact pads.

In the case of rewiring structures made of electrically
conductively filled plastic, continuous contact pads are not
provided. Rather, contact pads are arranged on an insulating
layer, so that through contacts lead through the insulating
layer.

If the multilayer circuit carrier 1s provided for a plurality
of device positions, then 1t can be separated into individual
devices aiter application of the at least one semiconductor
chip or of the at least one component and after embedding
of these electronic elements 1n an msulation layer made of
a plastic housing composition or by covering the electronic
clements with an insulation layer which 1s formed as hollow
housing. The costs for the individual devices can be reduced
since the multilayer circuit carrier simultaneously forms the
housing for a plurality of individual electronic devices.

A plurality of circuit carriers including insulation layers
arranged 1n pairs with passage structures are stacked and
connected via through contacts to form a panel which
likewise has a plurality of device positions for electronic
devices and can then be divided into individual electronic
devices.
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The electronic devices that are separated from a multi-
layer circuit carrier or from a panel can have a rewiring
structure made of conductive plastic. The conductive plastic
can match the surrounding plastic housing composition 1n
terms of 1ts thermal expansion behavior to prevent thermo-
mechanical stresses in the plastic housing. The through
contacts of the bottommost insulation layer, which also
forms a basis as a substrate layer, can be released from the
plastic. However, this 1s prevented by the anchoring layer,
which 1s arranged between an msulation layer and a rewiring,
layer, and its anchor laminae.

A Tfurther electronic device including such multilayer
circuit carriers or such panels can have a stack of a semi-
conductor chip on an 1nsulation layer with elongated through
contacts and an insulation layer with through contacts 1n a
predetermined pitch of external contact areas. With such
clongated through contacts, the external contacts can be
arranged with their pitch beneath the area of the semicon-
ductor chip, which corresponds to a “fan-in,” and outside the
region of the semiconductor chip, which corresponds to a
“fan-out.” This 1s understood to mean a region of the
external contact layer which 1s arranged outside the projec-
tion of the semiconductor chip area onto the external contact
layer, while external contact areas beneath the semiconduc-
tor chip encompasses the external contact areas arranged
within the projection of the semiconductor chip area onto the
external contact layer. The elongated through contacts form
continuous conductor tracks 1n order to adapt the pitch of the
contact areas of a chip to the predetermined pitch of the
external contacts 1n the external contact layer.

In this connection, the predetermined pitches of a flat
conductor carrier are adapted to predetermined distances of
discrete electronic components by a multilayer circuit car-
rier. Specifically, the multilayered circuit carrier according
to the invention 1s also suitable for adapting discrete elec-
tronic components with their electrodes to predetermined
pitches of a flat conductor frame 1f, for example, input or
output capacitances between individual flat conductors of a
flat conductor frame or input and/or output inductances of an
clectronic circuit between flat conductor connections are to
be electrically adapted or adjusted.

A method for producing a multilayer circuit carrier having
at least one rewiring layer, an anchoring layer, an isulation
layer, which has passage structures, and an external contact
layer includes providing a metal plate for producing an
insulation layer with passage structures, applying a photo-
resist layer to the metal plate for passage structures, pat-
terming the photoresist layer while leaving free areas on
which passage structures can be deposited. Chemically
depositing or electrodepositing passage structures on the
free areas of the metal plate, removing the photoresist layer
from the metal plate, applying a thermally stabilized plastic
housing composition while embedding the passage struc-
tures and leaving free surface regions of the passage struc-
tures, curing the plastic housing composition, and removing,
the metal plate.

An anchoring layer 1s applied to the selif-supporting
insulation layer with passage structures by selectively
depositing anchor laminae on the surfaces of the passage
structures. The areas of the anchor laminae are larger than
the surface regions of the passage structures that have been
left free. A rewiring layer can subsequently be applied to the
anchoring layer by selective application of a rewiring struc-
ture to the anchoring layer. In this case, the anchor laminae
simultaneously serve as through contacts to the electrically
conductive rewiring structure. The multilayer circuit carrier
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6

can then be completed by application of at least one semi-
conductor chip and/or at least one discrete component.

The anchoring layer and the anchor laminae embedded 1n
the anchoring layer fulfill a dual function in that they
mechanically secure the position of the passage structures
and serve as through contacts for connection to the electri-
cally conductive rewiring structure. As a result, at least one
additional insulation layer with correspondingly voluminous
through contacts 1s saved and the height of the insulation
layer that 1s otherwise necessary 1s reduced to the height of
the anchoring layer. Saving one complete additional method
step makes it possible to reduce the overall costs of the
method for producing a multilayer circuit carrier.

The electrically conductive rewiring structure can be
patterned from conductive plastic by photolithography and/
or printing technology. In this case, photolithography tech-
nique 1s used for the microscopically small patterning of
contact pads which correspond to the contact arcas of a
semiconductor chip since it can more precisely realize
structures 1n the micrometers range. On the other hand, a
printing techniques are used i1f rewiring structures are to be
formed as intermediate layers, for example, for a multilayer
circuit carrier having a plurality of rewiring layers arranged
one above the other. In these cases, stencil printing and/or
screen printing and/or jet printing may be used as printing
techniques. In this connection, jet printing encompasses
techniques which work with a printing jet and can print a
conductive plastic structure with such a pulsed plastic jet.
For the conductive region of the rewiring layer, a plastic may
be filled with conductive particles, such as silver particles.
For the insulating region of a rewiring layer, the plastic may
be filled with correspondingly insulating particles.

By a multijet printing system, insulating plastic regions
and conductive plastic regions can be applied simulta-
neously, which provides a cost advantage 1n terms of method
technology. Moreover, jet printing techniques can realize
finer structures for the rewiring structure than screen print-
ing or stencil printing techniques, so that it 1s possible to
dispense with photolithographic steps for critical dimen-
sions, which again lowers the method costs. If, for minia-
turization reasons and reasons of compactness, a multilayer
circuit carrier will have a plurality of rewiring layers that are
stacked and staggered one above the other, then the above-
mentioned techniques can be used to provide as many
insulation layers as desired with rewiring layers arranged
thereon on the circuit carrier, insulation layers with through
contacts and insulation layers with rewiring structures being
applied alternately.

In the case of this method, different technologies for
realizing a multilayer circuit board are employed for pro-
ducing a substrate layer, which includes an insulation layer
with through contacts and which carries an external contact
layer with external contacts in a predetermined pitch. In
principle, aiter completion of the self-supporting first insu-
lation layer or substrate layer, individual polymer layers are
applied which serve as rewiring layers or as insulation layer.

By contrast, a further method 1n which the same technol-
ogy 1s used both for creating insulation layers as substrate
layer with through contacts and for producing insulation
layers with passage structures avoids special techniques for
producing rewiring structures and reduces costs for produc-
ing a multilayer circuit carrier.

A method for producing a multilayer circuit carrier having
at least two 1nsulation layers arranged in pairs includes
providing at least two metal plates for producing the two
insulation layers with passage structures, applying and pat-
terning photoresist layers where the metal plates are covered
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with photoresist while leaving free areas on which passage
structures deposited as through contacts and/or as rewiring
structure 1n the form of continuous conductor tracks and/or
continuous metal plates, chemically depositing or electrode-
positing passage structures in the free areas, removing the
photoresist from the metal plates, applying a thermally
stabilized plastic housing composition while embedding the
passage structures and while leaving free surface regions of
the passage structures, removing the two metal plates so that
two self-supporting msulation layers with passage structures
are available, selectively applying an anchoring layer selec-
tively on the self-supporting insulation layers with passage
structures, applying anchor laminae having a larger area than
the surface regions of the passage structures that have been
left free to the passage structures, and joining the isulation
layers with passage structures together 1n pairs while con-
necting the anchor laminae of the anchoring layers. This pair
wise joining together of the anchor laminae gives rise to a
distance between the insulation layers with passage struc-
tures to prevent short circuits apart from at the desired
positions of the anchor laminae.

The interspace between the msulation layers can be filled
with thermally stable plastic housing composition. After the
production of such a multilayer circuit carrier including
insulation layers jomned together in pairs, the carrier is
completed by applying at least one semiconductor chip
and/or at least one discrete component. Thus, a multilayer
circuit carrier based on a single patterning technology for
passage structures 1s created. As a result, this method
enables mass production based on metal plates on which
patterned passage structures are produced by chemical depo-
sition or electrodeposition. On an insulation layer which
only has through contacts to external contact areas in a
predetermined pitch, a second 1nsulation layer 1s formed by
connecting or joining together the respective anchor laminae
of the respective anchoring layer with a small distance of
twice the magnitude of the anchor laminae thickness arising,
between the insulation layers with through contacts.

This distance lies between 3 and 10 um and can be filled
with plastic housing composition. While the lower 1nsula-
tion layer only has through contacts, the upper insulation
layer has further passage structures, such as continuous
conductor tracks and confinuous metal plates and also
continuous contact pads and continuous connecting con-
tacts. Consequently, with 1ts passage structures, the upper
insulation layer replaces a separately produced rewiring,
thereby reducing the production costs of this method relative
to the method explained previously.

If, after etching away the metal layers, the stability of the
insulation layers 1s not suflicient to constitute a self-sup-
porting insulation layer and to apply the further method
steps thereto, such as the application of an anchoring layer,
then removing the metal plate can occur after applying the
anchoring layer, which 1s associated with a higher stability
tfor the fitting and alignment of the anchoring layer. A critical
point of this method 1s the small distance between the
insulation layers with passage structures, which 1s filled with
plastic housing composition. This step can be avoided by a
turther improved method.

For this purpose, a method 1s specified which serves for
producing a multilayer circuit carrier having at least two
insulation layers arranged in pairs. These insulation layers
again have passage structures, the lower insulation layer has
through contacts, and the upper insulation layer forms a
rewiring layer with 1ts passage structures.

First, metal plates for producing insulation layers with
passage structures are provided. Photoresist layers are then
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applied to the metal plates and the photoresist layers are
patterned such that areas of the metal plates which serve for
the application of passage structures are left free. Such
passage structures have through contacts and/or a rewiring
structure 1n the form of continuous conductor tracks or
continuous metal plates. The passage structures are chemi-
cally deposited or electrodeposited on the free areas of the
metal plates. Afterward, anchoring layers are applied
directly by selective application of anchor laminae on the
surfaces of the passage structures. The anchor laminae have
a larger area than the surfaces of the passage structures.
Afterward, the photoresist layers are removed on both metal
plates and the insulation layers with passage structures are
then joined together in pairs while connecting the anchor
laminae of the anchoring layers.

Consequently, the intermediate step of producing seli-
supporting msulation layers with passage structures 1s elimi-
nated. Rather, the passage structures, which are situated on
the metal plates 1n this method, are joined together with their
anchor laminae made of metal, thus giving rise to a cavity
structure which 1s delimited toward the outside by two
opposite metal plates. The two joined-together rewiring
structures are arranged between the metal plates. The delim-
iting metal plates can simultaneously serve as encapsulation
molds for mjecting a plastic housing composition between
the metal plates while embedding the passage structures and
the anchor laminae of the two insulation layers. After these
steps the metal plates are removed, so that a self-supporting
double layer including insulation layers arranged in pairs
with through contacts 1s available for the further construc-
tion of a multilayer circuit carrier.

In order to complete the circuit carrier, at least one
semiconductor chip and/or at least one discrete component
1s applied to the insulation layers arranged in pairs with
passage structures. The metal plates are simultaneously
retained as a mold until passage structures of two 1nsulation
layers are connected to one another via corresponding
anchor laminae, so that, for embedding the rewiring struc-
tures with the anchor laminae, a larger cavity 1s available for
the 1njection of plastic housing composition. This increases
the reproducibility and reliability of this method compared
with the methods explained previously.

In an exemplary implementation of the methods explained
previously, an insulation layer 1s produced as substrate layer
with through contacts, which are provided in the pitch of
external contact areas. The lower insulation layer of the
multilayer circuit carrier i1s created. The lower insulation
layer can also be the basis or first substrate layer of a panel
which, besides the insulation layer as substrate layer, has
turther 1nsulation layers with passage structures which are
stacked one on top of the other or may be arranged 1n pairs
and then stacked. In the case of pair wise stacking, the
second insulation layer of a pair can be produced as a
rewiring layer with rewiring structures in the form of
continuous conductor tracks and/or continuous metal plates
and/or through contacts and also continuous contact pads
and continuous transition contacts.

Since both the substrate layer and the rewiring layer are
cllected using the same technology by chemical deposition
or electrodeposition on a patterned metal plate, the overall
method for producing a multilayer circuit carrier can be
standardized and normalized based on a single technology,
which permits the expectation of a considerable cost saving.
For this purpose, the passage structures are deposited in the
form of through contacts and/or continuous conductor tracks
and/or continuous metal plates or continuous contact pads or
continuous transition contacts on a metal plate made of a
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copper alloy. The chemically deposited or electrodeposited
metal can have a nickel alloy, which differs from a copper
alloy 1n terms of 1ts etching behavior, so that, during the later
removal of the metal plate, an etching stop occurs at the
transition ifrom the copper alloy to the nickel alloy.

A further method improvement resides in the fact that a
copper-coated sheet for the chemical deposition or elec-
trodeposition of nickel 1s provided on a carrier plate. Such
a copper-coated sheet 1s just as suitable for the chemical or
galvanic application of passage structures as a metal plate.
The copper-coated sheet can be stripped from the seli-
supporting body after production of a self-supporting insu-
lation layer or after production of a self-supporting stack of
insulation layers with passage structures, so that an etching
or a mechanical removal of a metal plate 1s obviated. The
self-supporting body can then be cleaned of copper residues
of the copper coating.

Two technologies are available for removing the metal
plate by etching technology: dry etching with the aid of a
plasma and wet etching with the aid of a metal etchant. Wet
etching can provide an etching stop through the choice of
different materials for the metal plate and for the chemically
deposited or electrodeposited passage structures. In the case
of plasma etching, such etching stops can be dispensed with,
so that 1t 1s possible to deposit materials of the same type on
metal plates or with metallized sheets. Plasma etching can be
used, moreover, for cleaning the surfaces in order, for
example, to remove the copper coating of a copper-coated
sheet after the sheet has been stripped from an insulation
layer.

A plurality of technologies are possible for application of
anchor laminae. In the case of chemical deposition, the
patterning photoresist layer can be mirror-coated at the same
time as {illing the structures on the metal plate, so that only
one etching mask has to be applied 1n order to remove the
excess material apart from the metal laminae. In the case of
galvanic application of the passage structures on a metal
plate, a mushroom-cap-shaped enlargement of the passage
structures can be provided by momentarily continuing the
clectrodeposition after the filling of the structures, thus
giving rise to an overgrowth of the electrodeposition of the
passage structures. Anchor laminae arise on the passage
structures 1n this case, too, which ensure an anchoring of the
passage structures 1n the plastic housing composition that 1s
subsequently to be applied.

If very precise anchor laminae are mtended to be pro-
duced, then 1t 1s possible firstly to apply or mirror-coat the
surface of the msulation layer with a metal film by vapor
deposition, sputtering or chemical vapor deposition and this
mirror-coated surface may subsequently be patterned by
photolithography to form individual anchor laminae. A
turther possibility for producing anchor laminae consists 1n
printing technology, by printing anchor laminae onto the
surfaces of the passage structures, in which case 1t 1s
possible to work with a mask which correspondingly selec-
tively applies anchor laminae on the surface by screen
printing technology or stencil printing technology, or by
using a printing jet technique which writes on the top sides
of the passage structures and in this case prints metal
particles with binder onto the passage structures.

In order to complete the multilayer circuit carrier with
semiconductor chips, it 1s possible to apply semiconductor
chips to the circuit carrier using tlip-chip technology. In the
case of a flip-chip technology, the semiconductor chip 1is
provided with flip-chip external contacts which can be
applied directly on contact pads of the topmost insulation
layer with passage structures. In the case of a rewiring
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structure made of electrically conductive plastic, it 1s like-
wise possible to apply such a semiconductor chip with
tlip-chip external contacts to the corresponding contact pads.
Such a tlip-chip technique can eliminate a bonding step. In
the case of bonding, 1n order to complete the multilayer
circuit carrier, semiconductor chips are applied to corre-
spondingly prepared continuous metal plates by their rear
side, while contact areas on the active top side of the
semiconductor chips are connected via bonding wires and/or
via bonding tapes to corresponding contact pads on the
passage structures or on the rewiring structure.

The multilayer circuit carrier can include buried semicon-
ductor chips because an insulation layer with or without
through contacts and with depressions 1s applied as topmost
layer of the multilayer circuit carrier, in which case hollow
housings are produced by the depressions. After application
of such a topmost layer, the multilayer circuit carrier
becomes a panel with a plurality of device positions. The
panel 1s separated 1n order to produce individual electronic
devices.

A flat-conductor-iree multilayer circuit carrier with elec-
trodeposited or chemically deposited metal structures has a
space between the metal structures filled with nonconductive
epoxy material and forms the basis for further layer con-
structions. In this case, the surface of the metal structures 1s
spared by mask technology. A conductive layer can then be
applied to these uncovered metal structures which can be
multilayer and a semiconductor may be applied on a topmost
layer using flip-chip technology.

Multichip packages and multichip modules can be real-
1zed by such a multilayer circuit carrier. The rewiring planes
obtained 1n the individual insulation layers with passage
structures enable contact-making arrangements to be real-
ized independently of the “footprint” or of the predeter-
mined pitch of the external contact areas of a housing
package. This saves basic areas compared with flat conduc-
tor constructions and can be useful 1n radiofrequency appli-
cations since the linking of the external contact areas to the
semiconductor chip can be made very short. The various
passage structures, rewiring structures and also anchor lami-
nae can be produced very precisely by mask technology,
where printing techniques are particularly inexpensive.

Completed mounted flat-conductor-free housings can be
mounted in a relatively larger flat-conductor-free housing,
which can be repeated multiply, whereby arbitrary rewirings
can be relatively simple. This technique 1s very flexible and
cost-ellective and permits rapid mounting.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be explained in more detail on the
basis of embodiments with reference to the accompanying
figures

FIG. 1 shows a schematic cross section of an electronic
device with a multilayer circuit carrier of a first embodiment
of the invention,

FIG. 2 shows a schematic cross section of an electronic
device with a multilayer circuit carrier of a second embodi-
ment of the invention,

FIG. 3 shows a schematic cross section of an electronic
device with a multilayer circuit carrier of a third embodi-
ment of the invention,

FIG. 4 shows a schematic cross section of an electronic
device of a preliminary stage of the electronic device 1n
accordance with FIG. 3,

FIGS. SA to 10 show schematic cross sections through
intermediate products in the production of a multilayer
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circuit carrier with a semiconductor chip i each device
position of the multilayer circuit carrier of a fourth embodi-
ment of the invention, where FIGS. SA and 5B show
schematic cross sections through two self-supporting insu-
lation layers with passage structures, FIGS. 6 A and 6B show
schematic cross sections through two self-supporting insu-
lation layers with passage structures and applied anchor
laminae, FIG. 7 shows a schematic cross section through a
pair of joined-together insulation layers with anchor laminae
lying one on top of the other, FIG. 8 shows a schematic cross
section through a pair of joined-together insulation layers
with a filled interspace between the msulation layers, FIG. 9
shows a schematic cross section through a pair of joined-
together insulation layers with applied external contact
areas, and FIG. 10 shows a schematic cross section through
a multilayer wiring carrier with semiconductor chip on a
continuous metal plate as chip 1sland,

FIGS. 11 to 17 show schematic cross sections through
intermediate products in the production of a multilayer
circuit carrier with a semiconductor chip 1 each device
position of the multilayer circuit carrier of a fifth embodi-
ment of the invention, where FIG. 11 shows a schematic
cross section through a metal plate with passage structures
and with anchor laminae on the passage structures, FIG. 12
shows a schematic cross section through a metal plate with
through contacts and with anchor laminae on the through
contacts, FIG. 13 shows a schematic cross section through
the metal plates of FIGS. 11 and 12 after the anchor laminae
have been joined together, FIG. 14 shows a schematic cross
section through the metal plates joined by anchor laminae
according to FIG. 13 with {filled cavities between the metal
plates, FIG. 15 shows a schematic cross section through a
self-supporting multilayer circuit carrier, FIG. 16 shows a
schematic cross section through a self-supporting multilayer
circuit carrier with applied external contact areas, and FIG.
17 shows a schematic cross section through a component
position of a multilayer circuit carrier with applied semi-
conductor chip,

FIGS. 18 to 21 show schematic cross sections through
intermediate products in the production of a panel with a

semiconductor chip 1n each device position on the basis of

a multilayer circuit carrier of a sixth embodiment of the
invention, where FIG. 18 shows a schematic cross section
through a pair of two insulation layers with passage struc-
tures, FIG. 19 shows a schematic cross section through a
turther pair of two 1nsulation layers with passage structures,

FIG. 20 shows a schematic cross section through the pairs of

FIGS. 18 and 19 after the two pairs have been joined
together, and FIG. 21 shows a schematic cross section
through a multilayer circuit carrier with a semiconductor
chip.

FIG. 22 shows a schematic cross section through an
clectronic device with a multilayer circuit carrier with a
hollow housing and a semiconductor chip of a seventh
embodiment of the invention,

FIG. 23 shows a schematic cross section through an
clectronic device with a multilayer circuit carrier with a
hollow housing and a semiconductor chip of a eighth
embodiment of the invention,

FIG. 24 shows a schematic cross section through an
clectronic device with a multilayer circuit carrier with a
hollow housing and a semiconductor chip of a ninth embodi-
ment of the invention,

FIG. 25 shows a multilayer circuit carrier of a tenth
embodiment of the invention,

FIG. 26 shows a multilayer circuit carrier of a eleventh
embodiment of the invention,

10

15

20

25

30

35

40

45

50

55

60

65

12

FIG. 27 shows a multilayer circuit carrier of a twellth
embodiment of the invention, and

FIG. 28 shows a multilayer circuit carrier of a thirteenth
embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 shows a schematic cross section of an electronic
device 28 with a multilayer circuit carrier 1 of a first
embodiment of the invention. The reference symbol 2 1den-
tifies a semiconductor chip and the reference symbol 4
identifies a rewiring structure, which forms a topmost layer
of the multilayer circuit carrier 1 and 1s 1dentified as rewiring
layer 5. The reference symbol 6 identifies passage structures,
which are produced by different technologies in this first
embodiment of the invention. The reference symbol 7 1den-
tifies an insulation layer with passage structures 6. Here
three 1insulation layers are stacked one on top of the other in
this first embodiment of the invention. The reference symbol
8 1dentifies external contact areas arranged on the underside
9 of the multilayer circuit carrier 1.

In this first embodiment of the invention, the external
contact arcas 8 are covered with a layer that forms an
external contact 10. The reference symbol 11 1dentifies a
plastic, which forms the nonconductive part of each 1nsula-
tion layer 7. The plastic 11 can be a plastic filled with
insulation particles, such as, for example, an epoxy resin
filled with correspondingly nonconductive oxide or carbide
particles.

The reference symbol 12 identifies an anchoring laver,
which includes plastic 11 and forms a special insulation
layer since the plastic 11 has electrically conductive metallic
anchor laminae 13. The anchor laminae 13 provide an
clectrical conduction function and a mechanical anchoring
function. The reference symbol 14 identifies through con-
tacts, which are present 1n the three insulation layers 7 in the
first embodiment of the invention. The through contacts 14
provide mechanical anchoring 1n the anchoring layer 12. The
reference symbol 15 identifies an electrically conductively
filled plastic which, 1n this embodiment of the invention,
forms the topmost layer of the circuit carrier and thus the
rewiring structure 4. The through contacts 14 of the topmost
insulation layer can also be constructed from such an
clectrically conductively filled plastic.

The reference symbol 22 identifies contact areas of the
semiconductor chip 2 on its active top side 38. The reference
symbol 24 1dentifies contact balls that are arranged on the
contact areas 22 and form tlip-chip external contacts 34. The
semiconductor chip 2 1s embedded with 1ts external contacts
in a plastic housing composition 30. The plastic housing
composition 30 can have the same material as the plastic 11
of the insulation layers. Since, 1n this first embodiment of the
invention, the rewiring structure 4 as topmost layer of the
multilayer circuit carrier 1 1s also made of plastic, which,
however, 1s filled with electrically conductive particles, the
semiconductor chip 2 with 1ts flip-chip external contacts 34
1s completely surrounded by plastic.

The transition from plastic to metal 1s eflected at the
transition to the metallic anchor laminae 13 in the anchoring
layer 12. The anchor laminae 13 serve as a through contact
function and mechanically secure the position of the through
contacts 14 in the bottommost insulation layer 7, which, 1n
this first embodiment of the invention, 1s formed as substrate
layer 33 and thus has a relatively greater thickness than the
overlying anchoring layers and the topmost insulation layer
7. The substrate layer can be a seli-supporting substrate and
have a plurality of device positions arranged in columns and
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rows. This substrate layer 33 is thus the prerequisite 1n order
to simultaneously apply turther layers for a plurality of
devices, such as the anchoring layer 12 with 1ts anchoring
laminae 13 or the overlying insulation layer with its plastic
leadthroughs 14, and also the topmost layer, which, 1n this
first embodiment of the invention, comprises an electrically
conductive rewiring structure and i1s covered by the plastic
housing composition 30.

In order to produce such a device 28 of the first embodi-
ment of the invention, the substrate layer 33 is constructed
as msulation layer 7 with through contacts 14 on a continu-
ous metal plate (not shown, 1.e., already removed and no
longer present in FIG. 1), which 1s carried out by elec-
trodeposition or chemical deposition of the through contacts
14 on areas of the metal plate left free for the deposition of
such through contacts 14. After production of the through
contacts 14, the anchoring layer 12 with the anchor laminae
13 of metal 1s deposited 1n patterned fashion on the top sides
of the through contacts 14. A plurality of methods have been
described for this purpose.

In the first embodiment of the invention as shown 1n FIG.
1, the anchor laminae 13 of the anchoring layer 12 are
applied selectively with the aid of printing technology. A
patterned insulation layer 7 1s subsequently introduced,
which leaves free at least parts of the anchor laminae for
application of the through contacts 14 made of electrically
conductively filled plastic 15. A fourth layer of electrically
conductively filled plastic 15 1s applied to these three
insulation layers 7 in patterned fashion. This layer forms the
rewiring structure 4 and has conductor tracks 40, transition
contacts 37, and also contact pads 25.

The semiconductor chip 2 can be applied to the contact
pads 25 into each of the device positions 27 (shown 1n cross
section 1n this exemplary embodiment). In this embodiment
of the mvention, the pitch r of the external contact areas 8
and thus of the external contacts 10 1s greater than the pitch
R of the flip-chip external contacts 34. The diflerence
between the two 1s bridged by the conductor tracks 40 of the
rewiring structure 4. Thus, independently of the predeter-
mined pitch r of the external contacts of the electronic device
28, semiconductor chips 2 are accommodated 1n the housing
made of plastic housing composition 30, which have a pitch
R for their flip-chip external contacts 34 which deviates
from the predetermined pitch r.

FIG. 2 shows a schematic cross section of an electronic
device 28 with a multilayer circuit carrier 1 of a second
embodiment of the invention. Components having functions
identical to those i FIG. 1 are identified by the same
reference symbols and are not discussed separately.

The second embodiment of the mvention also proceeds
from a substrate layer 33 which has through contacts 14 and
an anchor lamina 13 arranged above each through contact 14
in order to secure the position of the through contacts 14 1n
the plastic 11. Difiering from the first embodiment of the
invention, there are seven insulation layers are arranged one
above the other in order to compensate for the difference
between the pitch R of the flip-chip external contacts 34 and
the predetermined pitch r of the external contact areas of the
substrate layer 33. While the through contacts 14 are applied
chemical deposition or electrodeposition technology on a
metal plate, which has already been removed, and thus have
a metal, the further through contacts 14 1n the overlying
insulation layers 7 are produced from an electrically con-
ductively filled plastic 15.

In this second embodiment of the invention, a total of
three rewiring structures 4 are embedded 1n three rewiring
layers 3 arranged one above the other, the topmost rewiring
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layer S being electrically connected to the flip-chip external
contacts 34 of the semiconductor chip 2, so that an arbitrary
pitch R of the flip-chip external contacts 34 can undergo
transition to a predetermined pitch r of the external contact
arcas 8. With the aid of the rewiring structures stacked
multiply one above the other and the associated through
contacts, 1t 1s possible to produce conduction bridges and to
realize mutually crossing conduction tracks that are 1nsu-
lated from one another.

While the metallic through contacts 14 of the substrate
layer 33 are chemically deposited or electrodeposited, the
remaining conductive structures are produced by printing
technology. In the case of printing technology, masks such
as a screen printing mask or a stencil are used or to carry out
jet printing, rewiring patterns are written successively. Such
jet printing systems work according to the principle of inkjet
printers, except with the diflerence that here, instead of the
ink, a liqud plastic filled with electrically conductive par-
ticles, 1n particular, nanoparticles, 1s printed 1n the structure
of a rewiring layer or in the structure of passage contacts.
During the subsequent curing of the plastics, the low-
viscosity binder of the printed rewiring structure can simul-
taneously escape and a compact, electrically conductive
rewiring structure can form.

FIG. 3 shows a schematic cross section of an electronic
device 28 with a multilayer circuit carner 1 of a third
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

The third embodiment of the invention differs from the
first two embodiments of the invention 1n that a larger pitch
R of the tlip-chip external contacts 34 1s intended to be
reduced to a predetermined smaller pitch r for the external
contact areas 8 with the aid of the multilayer circuit carrier.
A Turther difference from the first two embodiments of the
invention 1s that the multilayer circuit carrier 1, with one
technology, realizes an insulation layer 7 with through
contacts 14 1n a predetermined pitch r, a second insulation
layer 7 with elongated through contacts 14 corresponding to
a rewiring structure 4. A further difference 1s that an elec-
tronic device 28 with elongated through contacts 14 1s
realized, and then an 1nsulation layer with through contacts
14 1n a predetermined pitch r 1s realized while at the same
time, slightly enlarging the housing and thus the plastic
housing composition 30.

Consequently, in the larger housing 41 made of plastic
housing composition 30, a complete electronic device 28 1s
arranged at a device position 27 of a multilayer circuit
carrier. The connection between the elongated through con-
tacts 14 and the through contacts 14 of the substrate layer 7
1s realized by a conductive adhesive 42. The conductive
adhesive 42 can be replaced by a soldering connection.
Consequently, the entire multilayer circuit carrier includes a
buried semiconductor chip with external contacts of a first,
topmost anchoring layer 12 with contact laminae 13 and
underneath an insulation layer 7 with elongated, continuous
through contacts 14, and finally an electrically conductive
adhesive layer connected to the anchor laminae 13 of a
second anchoring layer 12 located deeper. The anchor lami-
nae 13 hold through contacts 14 in position in the bottom-
most 1msulation layer 7 of the electronic device 28.

To produce such a multilayer circuit carrier 1, the same
technology 1s employed twice, where a passage structure 6
1s produced 1n an insulation layer 7 and then the two
insulation layers 7 are connected to one another via their
passage structures 6 and interposed anchor laminae 13.
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FIG. 4 shows a schematic cross section of an electronic
device 28 of a preliminary stage of the electronic device 28
in accordance with FIG. 3. Components having functions
identical to those 1n the previous figures are 1dentified by the
same reference symbols and are not discussed separately.

The electronic device 28 shown in FIG. 4 1s likewise
based on a multilayer circuit carrier 1 with at least one
insulation layer 7 with passage structures 6, which here are
formed as rewiring structure 4. In contrast to the first two
exemplary embodiments, this rewiring structure 4 1n FI1G. 4
1s realized with passage structures 6, 1.e., the passage struc-
ture 1s simultaneously a rewiring line 16 and a through
contact 14. In this case, the rewiring line 16 can either be
embodied like an elongated through contact 14 or narrower
than a through contact 14 for a substrate layer 33, since this
rewiring line does not have to have any external contacts
whatsoever. The start of the rewiring line, which 1s con-
nected to the flip-chip external contacts 34 via an anchor
lamina 13, can be adapted to the flip-chip external contacts
of the semiconductor chip 2 1n terms of 1ts order of magni-
tude and dimension.

In addition, the second end of the continuous conductor
track 16 can be widened to correspond to the width of the
through contacts 14 of the substrate layer 33 in FIG. 3.
Consequently, the cross section of the continuous conductor
track 16 1llustrated here 1n FIG. 4 shows three regions which
can have a different order of magnmitude. A first region of a
contact pad 235 has a microscopically dimensioned size of,
for example, a few 10 um~ adapted to the flip-chip external
contact 34. A second region has a macroscopic dimension
for the transition contact 37, the order of magnitude of which
corresponds to the external contact areas 8, which can be, for
example, several 10 000 um”. Situated between the transi-
tion contact 37 and the contact pad 23 1s a passage structure
in the form of a continuous conductor track 16, the width of
which can range, for example, from a few micrometers
down to the submicron range. Such submicron widths for
conductor tracks are produced with copper or nickel alloys
which can be electrodeposited 1n correspondingly prepared
trenches.

FIGS. 5A to 10 show schematic cross sections through
intermediate products in the production of a multilayer
circuit carrier 1 with a semiconductor chip 2 1n each device
position 27 of the multilayer circuit carrier 1 of a fourth
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols mm FIGS. 5A to 10 and are not
discussed separately.

FIGS. 5A and 5B show schematic cross sections through
two self-supporting insulation layers 7 with passage struc-
tures 6. The passage structure of the insulation layer 7 shown
in FIG. 5A has through contacts 14 as passage structure. The
through contacts are secured by anchor laminae 13. Conse-
quently, the through contacts 14 do not slide out of the
insulation layer 7 during thermal loading of the insulation
layer 7.

The msulation layer 7 shown in FIG. 5B has a through
contact 14 with anchor laminae 13 and a cross-sectionally
clongated structure with either a continuous metal plate 17,
for example, of rectangular or square cross section, or an
clongated continuous conductor track 16 in the plastic 11.
Continuous conductor track 16, can be a rewiring structure
and, as continuous metal plate 17 can be formed as chip
island 35. Such continuous structures are produced by the
same technology with which through contacts 14 are pro-
duced i an insulation layer 7. Compared with rewiring
structures applied as a patterned layer on an 1nsulation layer
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7, passage structures 6 are metal-filled trenches 1n an 1nsu-
lation mask. Such an insulation mask can be chemically
deposited or electrodeposited by photolithography on a
metal plate, which has already been removed in FIGS. 5A
and 5B. The two insulation layers 7 illustrated in FIGS. 5A
and 5B are thus produced by identical method steps.

FIGS. 6A and 6B show schematic cross sections through
two self-supporting insulation layers 7 with passage struc-
tures 6 and applied anchor laminae 13. The insulation layer
7 with through contacts 14 1n FIG. 6B corresponds to the
insulation layer 7 in FIG. 5A. The mnsulation layer 7 shown
in FIG. 6 A corresponds to the isulation layer shown 1n FIG.
5B and 1s arranged such that in FIG. 6 A the anchor laminae
13 are opposite one another and can be joined one on top of
the other by bringing the two insulation layers 7 together in
arrow direction A. For this purpose, the anchor laminae 13
may have different materials which, 1t they are joimned
together, produce solder connections having a low melting
point. In this embodiment of the invention, the upper anchor
laminae 13 have a gold alloy, while the lower anchor
laminae 13 have a tin alloy and the two together produce a
cutectic soldering connection at low temperature.

FIG. 7 shows the itermediate product of the next step,
during which the two insulation layers with passage struc-
tures 6, as shown in FIGS. 6A and 6B, are connected or
jomed wvia the anchor laminae 13. Consequently, FIG. 7
shows a schematic cross section through a pair of joined-
together 1nsulation layers 7 with anchor laminae 13 lying
one on top of the other. An interspace having the thickness
d 1s produced between the two nsulation layers as a result
of the joined-together anchor laminae 13. This interspace of
5 to a few 10 um 1s filled with plastic 11 in the subsequent
step.

FIG. 8 shows a schematic cross section through a pair of
joined-together insulation layers 7 with a filled interspace
between the insulation layers 7. Filling the interspace with
plastic 11 or a plastic housing composition 30 gives rise to
an anchoring layer 12, which holds the two 1nsulation layers
together. In this case, the lower insulation layer 7 forms a
substrate layer 33 which only has through contacts 14, while
the upper msulation layer 7 has passage structures 6, which
can have both through contacts 14 and continuous conductor
tracks and/or a continuous printed circuit board 17.

This pair of two 1nsulation layers 7 with anchoring layer
12 arranged 1n between 1s a seli-supporting part or a seli-
supporting plate and thus forms a multilayer circuit carrier
1, which can have many such device positions 27 arranged
in rows and columns.

FIG. 9 shows a schematic cross section through a pair of
joined-together insulation layers 7 with applied external
contact areas 8. Coatings applied on the upper insulation
layer 7 have bondable material and/or a material which
together with silicon forms a eutectic having a low melting
point, such as, for example, aluminum. In this fourth
embodiment of the multilayer circuit carrier 1, a continuous
metal plate 19 1s introduced or chemically deposited or
clectrodeposited into the upper isulation layer 7. The metal
plate 1s dimensioned such that it can receive a semiconduc-
tor chip and thus realize a chip 1sland 35.

FIG. 10 shows a schematic cross section through a
multilayer circuit carrier 1 with semiconductor chips 2 on a
continuous metal plate 17 as chip 1sland 35 and also a
through contact 14, which, through both insulation layers,
clectrically connects the bonding wire 36 to the underside 9
of the circuit carrier. As a result, an electrical connection 1s
produced between external contact area 8 and contact area
22 on the semiconductor chip 2.
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FIGS. 11 to 17 show schematic cross sections through
intermediate products in the production of a multilayer
circuit carrier 1 with a semiconductor chip 2 1n each device
position 27 of the multilayer circuit carrier 1 of a fifth
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately 1n
FIGS. 11 to 17.

FIG. 11 shows a schematic cross section through a metal
plate 29 with passage structure 6 and with anchor laminae 13
on the passage structures 6. In the this method of producing
a multilayer circuit carrier, a self-supporting insulation layer
with passage structures 6 1s not produced. Rather, the
photoresist laying between the metallic passage structures 6
1s removed. In this case, FIG. 11 has a through contact 14
and a continuous metal plate 17 as passage structures 6.

FIG. 12 shows a schematic cross section through a metal
plate 29 with through contacts 14 and with anchor laminae
13 on the through contacts 14. In this case, the photoresist
layers that initially existed between the through contacts 14
in order to electrodeposit or chemically deposit the through
contacts 14 on the uncovered areas are not replaced by a
plastic housing composition. Rather, the metal plate 29 1s
initially maintained as a supporting layer in order to leave
the through contacts 14 in position. The metal plates 29 can
subsequently be aligned with one another i1n arrow direction
A. The anchor laminae 13 of the two structures of FIGS. 11
and 12 are located one on top of the other.

FIG. 13 shows a schematic cross section through the
metal plates 29 of the FIGS. 11 and 12 after the anchor
laminae 13 have been joined together. Since the metal plates
remain present throughout and are provided for a plurality of
circuit positions 27 for the production of a multilayer circuit
carrier 1, the two metal plates 29 serve as a mold boundary
in this implementation of the method for producing a
multilayer circuit carrier. The interspaces to be filled with
plastic housing composition are now larger than 1n FIG. 7.
Moreover, the plastic does not penetrate to the external
contact areas 8 of the passage structures 6 since the latter are
still connected to the metal plates 29. The potting of the
interspaces with plastic housing composition based on the
larger interspaces 1s facilitated.

FIG. 14 shows a schematic cross section through the
joined metal plates 29 according to FIG. 13 with filled
cavities between the metal plates 29. During the filling of the
cavities, the metal plates 29 can be supported by correspond-
ing mold bodies i order that the plates do not bulge when
the plastic 1s pressed at a high pressure of up to 15 MPa 1nto
the interspaces of such a structure as shown 1n FIGS. 13 and
14. After the solidification or curing or crosslinking of the
plastic, the passage structures of metal are anchored 1n the
plastic since the anchor laminae 13 are embedded 1n plastics
composition. Moreover, this joined-together multilayered
composite yields a self-supporting body or a self-supporting
plate which 1s no longer supported by the metal plates 29.

FIG. 15 shows a schematic cross section through a
self-supporting multilayer circuit carrier 1. The metal plates
29 1n FIG. 14 has been removed by wet-chemical etching.
This removal of the metal plates 29 1s supported by the fact
that the passage structures 6 are produced from nickel or a
nickel alloy, while the metal plates 29 includes a copper
alloy. Consequently, the copper etchant stops at the interface
with the nickel. As a result, a defined metal surface of the
through contacts 14 or of the passage structures 6 1s present
at the surfaces of the self-supporting plate-type body now
present according to FIG. 15. External contacts or bondable
metals can be applied to these metal areas.
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FIG. 16 shows a schematic cross section through a
self-supporting multilayer circuit carrier 1 with applied
external contact arcas 8. These external contact areas 8 are
only fitted on the underside 9 of the multilayer circuit carrier
1, while bondable materials are applied to the passage
structures 6 on the top side of the circuit carner 1. Thus
material can also be a conductive adhesive for fixing the
semiconductor chip on the continuous metal plate 17 formed
there as chip 1sland 35.

FIG. 17 shows a cross section through a device position
27 of a multilayer circuit carrier 1 with applied semicon-
ductor chip 2. The passive rear side 39 of a semiconductor
chip 2 1s applied to the continuous metal plate 17 by a
conductive adhesive 42. Consequently, the passive rear side
39 of the semiconductor chip 2 1s electrically connected to
the external contact 8 via the conductive adhesive 42, the
chip 1sland 35, the two anchor laminae 13, and the through
contact 14. The passive rear side 39 of the semiconductor
chip 2 can thus be connected to the lowest potential of the
integrated circuit with respect to the active top side 38 of the
semiconductor chip 2.

In this fifth exemplary embodiment of the invention, the
clectrodes of the active components of the integrated circuit
on the top side 38 of the semiconductor chip 2 are connected
to the stacked through contact 14 via the contact areas 22
and the bonding connections 36. The through contact are
clectrically connected to a turther external contact 8 via the
two anchor laminae 13. Consequently, for example, signal
pulses can be applied to the contact area 22 of the active top
side 38 of the semiconductor chip 2 via the external contact
and the through contacts 14 and also the anchor laminae 13
and the bonding connections 36.

FIGS. 18 to 21 show schematic cross sections through
intermediate products 1n the production of a panel 26 with a
semiconductor chip 2 1n each device position based on a
multilayer circuit carrier 1 of a sixth embodiment of the
invention. Components having functions i1dentical to those
in the previous figures are 1dentified by the same reference
symbols and are not discussed separately for FIGS. 18 to 21.

FIG. 18 shows a schematic cross section through a pair of
insulation layers 7 with passage structures 6. This pair of
insulation layers 7 corresponds to the pair of insulation
layers 1n FIG. 16, but the chip 1sland has been significantly
enlarged.

FIG. 19 shows a schematic cross section through a further
pair of two 1nsulation layers 7 with passage structures 6,

which correspond to the pair of msulation layers 7 i FIG.
16.

FIG. 20 shows a schematic cross section through the pairs
of FIGS. 18 and 19 after the two pairs have been joined
together 1n arrow direction A, the external contacts 8 of one
pair being joined together with the topmost contacts of the
second pair of FIG. 19. As a result, four multilayer circuit
carriers produced by the same technology give rise to a
further structure, which 1s also referred to as panel 26,
especially 11 the detail shown in FIG. 20 only represents one
position of a panel 26 comprising a plurality of device
positions 27. In principle, as many pairs of insulation layers
with passage structures as desired can be stacked one above
the other 1n the same way, the passage structures, as shown
in FIG. 20, being able to serve not only as chip 1sland, but
also as continuous conductor tracks 16. In this case, the
continuous conductor track 16 can extend on both sides to
form transition contacts 37 and contact with through con-
tacts of corresponding size at both ends of the continuous
conductor track 16.
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FIG. 21 shows a schematic cross section through a
multilayer circuit carrier 1 with a semiconductor chip 2
which forms a part of a panel 26. Since each of the insulation
plates constructed 1n pairs with multiple through contacts 14
1s self-supporting, 11 the dielectric strength permits and the
air humidity does not have to be shielded, the interspace
having the thickness d between the insulation layers
arranged 1n pairs can remain iree and unfilled. However, 1f
higher requirements are made of the dielectric strength, then
this interspace having the thickness d is also has to be filled
with corresponding insulating plastic material. The semi-
conductor chip 2 can be covered with a further hollow
housing layer, so that the multilayer circuit carrier 1 has a
semiconductor chip 2 mcorporated 1n a hollow housing.

FIG. 22 shows a schematic cross section through an
clectronic device 28 with a multilayer circuit carrier 1 with
a hollow housing 18 and with a semiconductor chip 2 1n
accordance with a seventh embodiment of the invention.
Components having functions i1dentical to those in the
previous figures are 1dentified by the same reference sym-
bols and are not discussed separately.

The multilayer circuit carrier 1 of FIG. 22 1s realized by
joimng together a substrate carrier with passage structure 6,
which, besides the through contacts 14, additionally has a
continuous metal plate 17 formed as chip 1sland 35. In this
case, both the position of the chip 1sland 35 and the position
ol the passage contacts 14 are predetermined with a pitch r.
A second 1insulation layer 7 with through contacts 14 1s
formed such that a cutout 19 is present, which can serve as
a hollow housing 18 for the electronic device 28. Conse-
quently, by the same technology, both a lower insulation
layer 7 with passage structures 6 and an upper insulation
layer 7 with passage structures 6 and cutouts 19 are joined
together by the anchor laminae 13, thereby producing a

multilayer circuit carrier 1 with a buried semiconductor chip
2

FIG. 23 shows a schematic cross section through an
clectronic device 28 with a multilayer circuit carrier 1 with
a hollow housing 18 and a semiconductor chip 2 of an eighth
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

In FIG. 23, a further msulation layer 7 1s applied to the
multilayer circuit carrier 1 of FIG. 22. The insulation layer
has a continuous, large-area metal plate 17, which 1s con-
nected at 1ts edges via through contacts 14 to external
contact areas 8 on the underside 9 of the multilayer circuit
carrier 1. This construction completely shields the semicon-
ductor chip 2 1n 1ts hollow housing 18, with the result that
this multilayer circuit carrier can be used for sensitive
radiofrequency devices 28.

FIG. 24 shows a schematic cross section through an
clectronic device 28 with a multilayer circuit carrier 1 with
a hollow housing 18 and a semiconductor chip 2 of a ninth
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

This ninth embodiment of the invention differs from the
previous embodiments of the mvention by the fact that the
hollow housing 18 1s not produced from a plastic housing
composition 30, as 1 FIGS. 22 and 23, but rather from a
transparent plastic 20. A through contact 14 can be led
through said transparent plastic 20 in order to feed signals
and supply voltages also from the top side of the multilayer
circuit carrier 1. In this ninth embodiment of the invention,
the transparent plastic 20 forming the hollow housing 18 1s
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formed as detector lens 21 above the semiconductor chip 2
in order to obtain a higher detector efliciency or a higher
light sensitivity.

FIG. 25 shows a multilayer circuit carrier 1 of a tenth
embodiment of the invention. Components having functions

identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

In this embodiment of the invention, a flat conductor
frame with a chip island 35 and flat conductors 43 1is
connected to a semiconductor chip 2, 1n the case of which
the size of the semiconductor chip 2 i1s neither compatible
with the size of the chip 1sland 335 of the flat conductor frame
nor 1s the pitch of the flat conductors adapted to the pitch of
the contact areas 22 of the semiconductor chip 2. In such a
case, a multilayer circuit carrier 1 can be used to adapt the
orders of magnitude to one another with tenable costs. For
this purpose, a lower insulation layer 7 with a continuous
metal plate 17 1s provided, whose area and distance from a
through contact 14 correspond to the area of the chip 1sland
335 of the flat conductor frame and the distance between said
island and the flat conductor 43. In an insulation layer 7
arranged thereon, provision 1s made of passage structures
with a continuous metal plate 17, whose size 1s adapted to
the semiconductor chip 2. A corresponding through contact
14, which has a bondable coating and 1s electrically con-
nected to the contact areas via a bonding connection, 1s
connected to the flat conductor 43 of the flat conductor frame
via the underlying through contact 14 of the underlying
insulation layer 7 and via the external contact area 8.

FIG. 26 shows a multilayer circuit carrier 1 of an eleventh
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

This exemplary embodiment demonstrates how, with the
aid of the multilayer circuit carrier according to the mnven-
tion, a large chip 1sland 35 of a flat conductor frame, which
1sland 1s arranged at a relatively small distance from a flat
conductor 43, can be populated with two significantly
smaller semiconductor chips 2. In this eleventh embodiment
of the invention, two isulation layers 7 are stacked one
above the other and are connected to one another via the
anchor laminae 13, so that, with the upper 1nsulation layer,
it 1s possible to realize an arbitrary structure independently
of the size and arrangement of the chip 1sland 35 of the flat
conductor frame and of the flat conductor 43.

FIG. 27 shows a multilayer circuit carrier 1 of a twelith
embodiment of the invention. Components having functions
identical to those 1n the previous figures are identified by the
same reference symbols and are not discussed separately.

In the case of this exemplary embodiment of FIG. 27, a
semiconductor chip 2 1s arranged on a plurality of flat
conductors 43, which are arranged 1n a predetermined pitch
r, which semiconductor chip has a connection to at least one
of the flat conductors 43 via 1ts contact areas 22 and the
passive rear side 39 of which semiconductor chip 1s elec-
trically connected to another of the flat conductors 43. This
embodiment of the mmvention according to FIG. 27 also
shows the possibility of realizing arbitrary passage struc-
tures on the second insulation layer with the multilayer
circuit carrier 1 according to the invention, so that 1t is
possible to connect diflerent semiconductor chips 2 with a
totally independent, a real distribution to predetermined flat
conductors 43 of a flat conductor frame with a predeter-
mined pitch r.

FIG. 28 shows a multilayer circuit carrier 1 of a thirteenth
embodiment of the invention. Components having functions
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identical to those in the previous figures identified by the
same reference symbols and are not discussed separately.
This thirteenth embodiment according to FIG. 28 differs
from the previous embodiments by the fact that the multi-
layer circuit carrier 1 has passive components 3 which are
fitted with their electrodes 44 and an arbitrary distance
between the electrodes 44 on a flat conductor frame having,
flat conductors 43 arranged in a predetermined pitch r. For
this purpose, provision 1s again made of a multilayer circuit
carrier 1 with at least two 1nsulation layers 7 with passage
structures 6, which enable the discrete components 3 to be
clectrically connected by their arbitrarily dimensioned elec-
trodes 44 to the external flat conductors 43 of a flat con-
ductor frame with a predetermined pitch r. Consequently, the
multilayver circuit carrier 1 according to the invention
cnables the construction of an entire module comprising
discrete components and/or semiconductor chips and also
the adaptation of these structures with their corresponding
clectrodes 44 or their contact areas 22 to predetermined

pitches, be they the pitches r of external contact areas 8 or,
as shown 1n the example of FIGS. 25 to 28, the pitches r of
flat conductors 43.

While the invention has been described 1n detail and with
reference to specific embodiments thereot, it will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departmg from
the spirit and scope thereof. Accordingly, 1t 1s intended that
the present invention covers the modifications and variations
of this invention provided they come within the scope of the
appended claims and their equivalents.

What 1s claimed 1s:

1. A multilayer circuit carrier, comprising:

at least one semiconductor chip and/or at least one dis-

crete component;
at least one rewiring layer, the rewiring layer comprising,
rewiring structures and an msulation layer, wherein the
rewiring structures comprise through contacts, continu-
ous conductor tracks and/or continuous metal plates 1n
said 1nsulation layer of the rewiring layer, and the
rewiring layer 1s connected to said at least one semi-
conductor chip and/or at least one discrete component;

at least one imsulation layer comprising passage struc-
tures;

an external contact layer on an underside of the circuit

carrier;

external contact areas arranged at a predetermined pitch

on said external contact layer; and

an anchoring layer arranged between the rewiring layer

and the 1nsulation layer, the anchoring layer comprising
anchor regions that fix a position of the passage struc-
tures,

wherein the external contact areas are electrically con-

nected to the rewiring structures via the passage struc-
tures and the anchor regions.

2. The circuit carrier as claimed 1n claim 1, wherein the
insulation layer comprises a substrate layer and the passage
structures comprising through contacts at a predetermined
pitch 1n said substrate layer, wherein the predetermined pitch
of the through contacts correspond to the pitch of the
external contact areas.

3. The circuit carrier as claimed 1n claim 1, wherein the
rewiring structures comprise electrically conductively filled
plastic.

4. A multilayer circuit carrier comprising:

at least one semiconductor chip and/or at least one dis-
crete component;
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at least one rewiring layer comprising rewiring structures,
wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

an external contact layer on an underside of the circuit

carrier;

external contact areas arranged at a predetermined pitch

on said external contact layer;

two 1nsulation layers each comprising passage structures;

and

two anchoring layers arranged adjacent the rewiring layer,

cach anchoring layer comprising anchor regions that fix
a position of the passage structures and anchor laminae,
and wherein the anchoring laminae of one anchoring
layer 1s on top of the anchoring laminae of the other
anchoring layer;

wherein the external contact areas are electrically con-

nected to the rewiring structures via the passage struc-
tures and the anchor regions.

5. The circuit carrier as claimed 1n claim 4, wherein the
insulation layers are arranged in pairs and wherein the
anchor laminae, of one anchoring layer 1s joined to the
anchoring laminae of the other anchoring layer between
cach pair of insulation layers, and whereimn the anchor
laminae comprises an eutectic solder.

6. The circuit carrier as claimed 1n claim 5, wherein the
solder comprises least one of gold, tin, or aluminum.

7. A multilayer circuit carrier comprising:

at least one semiconductor chip and/or at least one dis-

crete component;

at least one rewiring layer comprising rewiring structures,

wherein the rewiring layer 1s connected to said at least
one semiconductor chip and/or at least one discrete
component;

at least one insulation layer comprising passage struc-

tures, wherein the insulation layer comprises a cutout
for receiving the at least one semiconductor chip and/or
at least one discrete component;

an external contact layer on an underside of the circuit

carrier;

external contact areas arranged at a predetermined pitch

on said external contact layer; and

an anchoring layer arranged between the rewiring layer

and the 1nsulation layer, the anchoring layer comprising,
anchor regions that fix a position of the passage struc-
tures;

wherein the external contact areas are electrically con-

nected to the rewining structures via the passage struc-
tures and the anchor regions.

8. A multilayer circuit carrier comprising:

at least one semiconductor chip and/or at least one dis-

crete component;

at least one rewiring layer comprising rewiring structures,

wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

at least one insulation layer comprising passage struc-

tures, wherein the insulation layer comprises a detector
lens of transparent plastic;

an external contact layer on an underside of the circuit

carrier;

external contact areas arranged at a predetermined pitch

on said external contact layer; and

an anchoring layer arranged between the rewiring layer

and the 1nsulation layer, the anchoring layer comprising
anchor regions that fix a position of the passage struc-
tures;
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wherein the external contact areas are electrically con-
nected to the rewiring structures via the passage struc-
tures and the anchor regions.

9. A multilayer circuit carrier comprising:

at least one semiconductor chip and/or at least one dis-
crete component;

at least one rewiring layer comprising rewiring structures,
wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

at least one insulation layer comprising passage struc-
tures, wherein the insulation layer comprises a continu-
ous metal shielding plate;

an external contact layer on an underside of the circuit
carrier;

external contact areas arranged at a predetermined pitch
on said external contact layer; and

an anchoring layer arranged between the rewiring layer
and the 1nsulation layer, the anchoring layer comprising
anchor regions that fix a position of the passage struc-
tures;

wherein the external contact areas are electrically con-
nected to the rewiring structures via the passage struc-
tures and the anchor regions.

10. A multilayer circuit carrier comprising;:

at least one semiconductor chip and/or at least one dis-
crete component;

at least one rewiring layer comprising rewiring structures,
wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

at least one insulation layer comprising passage struc-
tures;

an external contact layer on an underside of the circuit
carrier;

external contact areas arranged at a predetermined pitch
on said external contact layer; and

an anchoring layer arranged between the rewiring layer
and the 1nsulation layer, the anchoring layer comprising
anchor regions that {ix a position of the passage struc-
fures,

wherein the external contact areas are electrically con-
nected to the rewiring structures via the passage struc-
tures and the anchor regions, and the semiconductor
chip comprises contact areas and contact balls arranged
thereon and in contact with contact pads of the rewiring
structures using tlip-chip technology.

11. A multilayer circuit carrier comprising:

at least one semiconductor chip and/or at least one dis-
crete component;

at least one rewiring layer comprising rewiring structures,
wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

at least one imsulation layer comprising passage struc-
tures;

an external contact layer on an underside of the circuit
carrier;

external contact areas arranged at a predetermined pitch
on said external contact layer;

an anchoring layer arranged between the rewiring layer
and the 1nsulation layer, the anchoring layer comprising
anchor regions that fix a position of the passage struc-
tures; and

a plurality of device positions each for individual ones of
a plurality of devices;
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wherein the external contact areas are electrically con-
nected to the rewiring structures via the passage struc-
tures and the anchor regions.

12. A panel comprising a plurality of multilayered circuit
carriers that are stacked on top of each other and connected
to one another via through contacts, wherein each multilay-
ered circuit carrier comprises:

at least one semiconductor chip that and/or at least one

discrete component;

at least one rewiring layer comprising rewiring structures,

wherein the rewiring layer 1s connected to said least
one semiconductor chip and/or at least one discrete
component;

at least one insulation layer comprising passage struc-

tures;

an external contact layer on an underside of the circuit

carrier:;

external contact areas arranged at a predetermined pitch

on said external contact layer; and

an anchoring layer arranged between the rewiring layer

and the 1nsulation layer, the anchoring layer comprising,
anchor regions that fix a position of the passage struc-
tures,

wherein the external contact areas are electrically con-

nected to the rewiring structures via the passage struc-
tures and the anchor regions.

13. An electronic device comprising the panel of claim 12.

14. The electronic device as claimed 1n claim 13, wherein
the at least one rewiring structure 1s made of conductive
plastic.

15. The electronic device as claimed 1n claim 14, and
comprising two insulation layers each comprising elongated
through contacts, the elongated through contacts of one of
the msulation layers being arranged at a predetermined pitch
that corresponds to the predetermined pitch of said external
contact areas, the through contacts of the two insulation
layers being electrically connected to one another and pack-
aged 1n a common plastic housing composition.

16. An electronic device, comprising:

at least one multilayer circuit carrier, the circuit carrier
comprising at least one semiconductor chip and/or at
least one discrete component, at least one rewiring
layer made of conductive plastic, the rewiring layer
comprising rewiring structures and being connected to
said at least one semiconductor chip and/or at least one
discrete component, two insulation layers each com-
prising passage structures, an external contact layer on
an underside of the circuit carrier, external contact
areas arranged at a predetermined pitch on the external
contact layer, wherein each insulation layer comprises
clongated through contacts, the elongated through con-
tacts of one of the 1nsulation layers being arranged at a
predetermined pitch that corresponds to the predeter-
mined pitch of said external contact areas, the through
contacts of the two 1nsulation layers being electrically
connected to one another and packaged 1n a common
plastic housing composition, and an anchoring layer
arranged between the rewiring layer and the nsulation
layer, the anchoring layer comprising anchor regions
that fix a position of the passage structures, wherein the
external contact areas are electrically connected to the
rewiring structure via the passage structures and the
anchor regions.
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